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Description
Technical Field

[0001] The present invention relates to a conductive
sheet, a touch sensor, and a method for manufacturing
a touch sensor and particularly relates to a conductive
sheet that includes thin metal wires in a mesh shape, a
touch sensor, and a method for manufacturing a touch
Sensor.

Background Art

[0002] Conventionally, electrodes used for a touch
sensor include a thin metal wire pattern in a mesh shape
formed on a transparent substrate. A typically used
shape of mesh is a lattice shape in which polygons such
as squares, rhombuses, or hexagons are densely laid.
Unfortunately, such a lattice shape may cause interfer-
ence with a periodic pattern of a black matrix of a display
device disposed below the touch sensor to produce a
moire (striped pattern).

[0003] A conductive mesh described in Patent Docu-
ment 1 has an irregular mesh pattern and causes the
moire due to interference with the black matrix of the
display device to be less likely to be produced.

[0004] EP 2 735 842 A describes conductive sheets,
a touch panel and a display device including the conduc-
tive sheets. The conductive sheets comprise mesh pat-
terns with polygons formed from metal thin wires. The
polygons are formed such that with regard to the power
spectrum of a center position of each polygon in a two-
dimensional distribution, the average strength towards a
spatial frequency bandwidth that is higher than a prede-
termined spatial frequency is greater than the average
strength towards the spatial frequency bandwidth that is
lower than the predetermined frequency. In this way, the
amount of noise on the side of the higher spatial frequen-
cy band perceived by a human is lowered.

[0005] US 2013/028503 A1 describes a method for
manufacturing a conductive film, in which a mesh pattern
made up of wires is disposed on a substrate, and the
conductive film itself, and a recording medium. The con-
ductive film comprises a plurality of openings and a plu-
rality of conductive portions forming a mesh pattern in
which a plurality of thin wires mutually intersects. A mesh
shape is formed by the openings and two conductive por-
tions that surround a single opening. In the mesh shape,
each of the openings differs from the others, the openings
being arrayed irregularly.

[0006] US2012/031743 A1 describes a manufacturing
method for manufacturing a touch screen comprising a
conductive pattern having high accuracy and ultrafine
line width and a touch screen manufactured by the meth-
od. A moiré phenomenon is prevented by forming the
conductive pattern using a Voronoi diagram generator
so that a determined pattern form can prevent the moiré
phenomenon generated by interference with other reg-
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ular patterns.

[0007] CN 203 000 558 U describes a touch panel and
electron device. The mesh comprises irregular hexa-
gons.

[0008] EP 2327231 A2describes atouch window and

a display including the same. The touch window com-
prises a substrate having an active area with rhombus-
shaped, triangular-shaped, and rectangular-shaped, cir-
cular-shaped, or oval-shaped electrode parts.

[0009] JP 2015 072517 A and JP 2015 072948 A de-
scribe a conductive mesh sheet, a touch panel device
and an image display device having the conductive
mesh. The conductive mesh defines a large number of
polygon-shaped open areas so that it can make moiré
and glare inconspicuous.

[0010] JP 2014 041589 A describes a touch panel in-
cluding an electrode pattern formed by forming a virtual
grid made of the same polygons. Predetermined points
are generated randomly inside the polygons so that the
predetermined points are connected to apices of the pol-
ygons.

[0011] WO 2016/080046 A1 describes a conductive
film and a touch panel sensor including the conductive
film. The conductive film comprises cells constituting an
electrode pattern with irregularity.

[0012] JP 2019 179462 A describes a light transmis-
sive conductive material used for a touch panel compris-
ing an upper and lower electrode layer The upper elec-
trode layer has a sensor part and a dummy part, both
comprising a mesh-shaped metal fine wire pattern.

Citation List
Patent Literature

[0013] Patent Document 1: JP 2014-203664 A

Summary of Invention
Technical Problem

[0014] When the shape of mesh is in an irregular pat-
tern to reduce moire, a narrower inner angle formed by
intersection of a thin metal wire may increase a width of
the thin metal wire near an intersection point, which may
be visually recognized as glare. In addition, in a case of
the irregular pattern, dense and sparse areas of the thin
metal wires are generated in the same plane, which may
be visually recognized as glare.

[0015] An object of the present invention is to provide
a conductive sheet, a touch sensor, and a method for
manufacturing a touch sensor that provide reduced glare
and improved visibility in a case where the shape of mesh
is in an irregular pattern.

Solution to Problem

[0016] To achieve the object described above, the first
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invention is a conductive sheet that includes a transpar-
ent substrate and a plurality of thin metal wires formed
in a mesh shape on one surface of the transparent sub-
strate. The plurality of thin metal wires includes an n-
sided polygon (n > 5) formed inside a virtual pattern and
an inverted virtual pattern having a regular hexagon and
virtually and densely laid on the transparent substrate
and six connecting lines connecting the n-sided polygon
and first to sixth intersection points disposed on respec-
tive sides of the virtual pattern. The virtual pattern has
vertexes as first to sixth vertexes in a counterclockwise
direction, an intersection point disposed on a side con-
necting the first vertex and the second vertex is the first
intersection point, intersection points disposed on the re-
spective sides of the virtual pattern are the second to
sixth intersection points in the counterclockwise direc-
tion, and the first to sixth intersection points are disposed
such that distances from the first vertex to the first inter-
section point, from the first vertex to the sixth intersection
point, from the second vertex to the second intersection
point, from the fourth vertex to the third intersection point,
from the fourth vertex to the fourth intersection point, and
from the sixth vertex to the fifth intersection point are
equal. The inverted virtual pattern obtained by flipping
the virtual pattern horizontally has vertexes as first to
sixth vertexes in a clockwise direction, an intersection
point disposed on a side connecting the first vertex and
the second vertex is a first intersection point, intersection
points disposed on the respective sides of the inverted
virtual pattern are the second to sixth intersection points
inthe clockwise direction, and the firstto sixth intersection
points are disposed such that distances from the first
vertex to the first intersection point, from the first vertex
to the sixth intersection point, from the second vertex to
the second intersection point, from the fourth vertex to
the third intersection point, from the fourth vertex to the
fourth intersection point, and from the sixth vertex to the
fifth intersection point are equal. The virtual pattern and
the inverted virtual pattern are densely laid such that the
intersection points of adjacent virtual patterns or the in-
verted virtual pattern are overlapped with each other and
that opening regions formed by the plurality of thin metal
wires are aperiodically arranged. Relationships 150 pm
<A <3000 pm, A/4 < B < 3A/4, and 90° < § are estab-
lished, where A is a length of one side of the virtual pat-
tern, B is a length of one side of the n-sided polygon, and
0 is an inner angle of the n-sided polygon, and

(i) the n-sided polygon satisfies n = 5, five connecting
lines of the connecting lines each connect a vertex of the
n-sided polygon and an intersection pointwhose distance
from the vertex is shortest, one connecting line connects
a side of the n-sided polygon and the intersection point,
and a relationship A/4 < C < A/2 is established, where C
is a length of the connecting line, or (ii) the n-sided pol-
ygon satisfies n > 6, the connecting lines each connect
the vertex of the n-sided polygon and the intersection
point whose distance from the vertex is shortest.
[0017] The second invention is the conductive sheet
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in the firstinvention in which the n-sided polygon satisfies
n > 6, and a relationship A/4 < C < A/2 is established,
where C is the length of the connecting line.

[0018] Such a configuration widens the inner angle
formed by intersection of the thin metal wire and thus can
prevent the width of the thin metal wire near the intersec-
tion point from getting thicker. In addition, the virtual pat-
terns in which the n-sided polygon and the lines are even-
ly disposed are densely laid to form the thin metal wires,
and thus the thin metal wires are evenly disposed. This
can reduce glare and improve visibility.

[0019] The third invention is the conductive sheet in
the first or second invention in which the plurality of thin
metal wires includes afirstblackened layer, a metal layer,
and a second blackened layer layered in this order from
a side of the transparent substrate.

[0020] The fourth invention is the conductive sheet in
the third invention in which the plurality of thin metal wires
includes a blackened layer formed on a side surface.
[0021] Such a configuration forms the blackened layer
on the surface of the thin metal wires and thus can reduce
reflectivity on the surface of the thin metal wires.

[0022] The fifth invention is a touch sensor that in-
cludes the conductive sheet of thefirstinvention including
a plurality of electrodes formed by the plurality of thin
metal wires and connection portions each formed at an
end portion of the plurality of electrodes, terminal portions
connected to external wiring lines, and routed wiring lines
connecting the connection portions and the terminal por-
tions.

[0023] Such a configuration can reduce glare of the
thin metal wires and thus achieve the touch sensor that
provides the improved visibility.

[0024] The sixth invention is the touch sensor in the
fifth invention in which the plurality of electrodes is formed
in an operation region, the routed wiring lines are formed
in a peripheral region other than the operation region,
and dummy portions not electrically connected to the plu-
rality of electrodes are further provided in a region of the
operation region in which the plurality of electrodes is not
formed.

[0025] The seventhinvention is the touch sensor in the
sixth invention in which the plurality of electrodes has a
band shape, and the plurality of electrodes and the dum-
my portions are alternately disposed.

[0026] Such a configuration forms the electrodes and
dummy portions in the operation region, thus can reduce
an electrode-visible phenomenon where the shape of the
electrode pattern is observed by an operator, and
achieve the touch sensor that provides the improved vis-
ibility.

[0027] The eighth invention is the touch sensor in the
seventh invention in which the dummy portions are made
up of the plurality of thin metal wires.

[0028] Such a configuration makes up the electrode
portion and the dummy portion of the same thin metal
wires to have the same pattern and thus can further im-
prove the visibility.
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[0029] The ninth invention is a method for manufactur-
ing a touch sensor including sequentially forming a first
blackened film layer, a metal film layer, and a second
blackened film layer on one surface of a transparent sub-
strate and simultaneously forming, by etching the first
blackened film layer, the metal film layer, and the second
blackened film layer, a plurality of electrodes formed of
a plurality of thin metal wires, connection portions each
formed at an end portion of the plurality of electrodes,
terminal portions connected to external wiring lines, and
routed wiring lines connecting the connection portions
and the terminal portions. The plurality of thin metal wires
includes an n-sided polygon (n > 5) formed inside a virtual
pattern and an inverted virtual pattern having a regular
hexagon and virtually and densely laid on the transparent
substrate and six connecting lines connecting the n-sided
polygon and first to sixth intersection points disposed on
respective sides of the virtual pattern and is formed such
that the virtual pattern has vertexes as first to sixth ver-
texes in a counterclockwise direction, an intersection
point disposed on a side connecting the first vertex and
the second vertex is the first intersection point, intersec-
tion points disposed on the respective sides of the virtual
pattern are the second to sixth intersection points in the
counterclockwise direction, and the first to sixth intersec-
tion points are disposed such that distances from the first
vertex to the first intersection point, from the first vertex
to the sixth intersection point, from the second vertex to
the second intersection point, from the fourth vertex to
the third intersection point, from the fourth vertex to the
fourth intersection point, and from the sixth vertex to the
fifth intersection point are equal, the inverted virtual pat-
tern obtained by flipping the virtual pattern horizontally
has vertexes as first to sixth vertexes in a clockwise di-
rection, an intersection point disposed on a side connect-
ing the first vertex and the second vertex is the first in-
tersection point, intersection points disposed on the re-
spective sides of the inverted virtual pattern are the sec-
ond to sixth intersection points in the clockwise direction,
and the first to sixth intersection points are disposed such
that distances from the first vertex to the first intersection
point, from the first vertex to the sixth intersection point,
from the second vertex to the second intersection point,
from the fourth vertex to the third intersection point, from
the fourth vertex to the fourth intersection point, and from
the sixth vertex to the fifth intersection point are equal,
that the virtual pattern and the inverted virtual pattern are
densely laid such that the intersection points of adjacent
virtual patterns or the inverted virtual pattern are over-
lapped with each other and that opening regions formed
by the plurality of thin metal wires are aperiodically ar-
ranged, relationships 150 um < A <3000 pm, A/4 <B <
3A/4, and 90° < 0 are established, where A is a length of
one side of the virtual pattern, B is a length of one side
of the n-sided polygon is B, and 6 is an inner angle of the
n-sided polygon, and

(i) the n-sided polygon satisfies n = 5, five connecting
lines of the connecting lines each connect a vertex of the
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n-sided polygon and anintersection point whose distance
from the vertex is shortest, one connecting line connects
a side of the n-sided polygon and the intersection point,
and a relationship A/4 < C < A/2 is established, where C
is a length of the connecting line, or (ii) the n-sided pol-
ygon satisfies n > 6, the connecting lines each connect
the vertex of the n-sided polygon and the intersection
point whose distance from the vertex is shortest.

[0030] Such a configuration simultaneously forms the
plurality of electrodes, the connection portions, the ter-
minal portions, and the routed wiring lines and thus can
reduce the number of processes and time required for
manufacturing.

Advantageous Effects of Invention

[0031] The presentinvention can provide a conductive
sheet, a touch sensor, and a method for manufacturing
a touch sensor that provide reduced glare and improved
visibility in a case where the shape of mesh is in an ir-
regular pattern.

Brief Description of Drawings
[0032]

FIGS. 1(a), (b), and (c) are respectively a schematic
cross-sectional view, a schematic plan view of a con-
ductive sheet 10 according to a first embodiment of
the presentinvention, and a partially enlarged cross-
sectional view of a thin metal wire 12.

FIGS. 2(a) and (b) are respectively a partially en-
larged plan view of a virtual pattern Xa and a partially
enlarged plan view of an inverted virtual pattern Xb
according to the first embodiment of the present in-
vention.

FIG. 3 is a partially enlarged plan view illustrating
how to densely lay the virtual pattern Xa and the
inverted virtual pattern Xb.

FIG. 4(a) and (b) are respectively a schematic plan
view of a touch sensor according to a second em-
bodiment of the present invention and a partially en-
larged plan view of a region K of (a).

Description of Embodiments

[0033] Next, the firstembodiment of the present inven-
tion will be described with reference to the drawings.

First Embodiment

[0034] Referring to FIG. 1(a), the conductive sheet 10
according to the firstembodiment of the presentinvention
includes a transparent substrate 11 and a plurality of thin
metal wires 12 formed in a mesh shape on one surface
of the transparent substrate 11. Referring to FIG. 1(b),
the plurality of thin metal wires 12 include a hexagon and
six connecting lines that are formed in the virtual pattern
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Xa and the inverted virtual pattern Xb. The virtual pattern
Xa in which a hexagon and six connecting lines are
formed by the plurality of thin metal wires 12 and the
inverted virtual pattern Xb obtained by flipping the Xa
horizontally are densely laid such that intersection points
disposed on the respective sides of adjacent virtual pat-
terns Xa or the inverted virtual pattern Xb are overlapped
with each other and that opening regions R formed by
the plurality of thin metal wires 12 are aperiodically ar-
ranged. The detail of the virtual pattern Xa and the in-
verted virtual pattern Xb will be described below. Refer-
ring to FIG. 1(c), the thin metal wire 12 includes a first
blackened layer 13, a metal layer 14, and a second black-
ened layer 15 layered from the transparent substrate 11
side. The first blackened layer 13 and the second black-
ened layer 15 are layers for reducing reflectivity of the
thin metal wire 12 and thereby improving visibility.
[0035] The material of the transparent substrate 11 on-
ly needs to be flexible, is not limited to particular materi-
als, and can use, for example, polyesters such as poly-
ethylene terephthalate (PET), polylactic acid (PLA), and
polyethylene naphthalate (PEN), polyolefins such as pol-
yethylene (PE), polypropylene (PP), polystyrene, EVA,
cycloolefin polymer (COP), and cyclic olefin copolymer
(COC), resin film such as vinyl resin, polycarbonate (PC),
polyamide, polyimide (Pl), acrylic resin (PMMA), triacetyl
cellulose (TAC), polyurethane, silicone, polyvinyl chlo-
ride, and polyvinyl fluoride. The thickness of the substrate
11 is 5 to 500 uwm, and is preferably 20 to 100 pum.
[0036] The transparent substrate 11 may be a film of
a single layer or a film obtained by layering a plurality of
layers. The transparentsubstrate 11 may include aphase
difference film in the composition.

[0037] The material of the metal layer 14 is not limited
to particular materials and can use, for example, gold,
silver, copper, iron, nickel, chromium, aluminum, molyb-
denum, titanium, or an alloy thereof. A metallic oxide or
metallic nitride of copper, nickel, chromium, aluminum,
molybdenum, titanium or the like can be used as a ma-
terial of the first blackened layer 13 and the second black-
ened layer 15.

[0038] The wire width of the thin metal wire 12 is, for
example, 1 to 10 um, and is preferably from 1 to 5 pm.
The thickness of the thin metal wire 12 is, for example,
120 nmto 1.2 pm. The film thickness of the first blackened
layer and the second blackened layer is, for example, 10
to 100 nm, and the film thickness of the metal layer 14
is, for example, 100 nm to 1 wm . The opening ratio of
the thin metal wire 12 is, for example, 95% or more, and
is preferably 98% or more.

[0039] The detail of the virtual pattern Xa and the in-
verted virtual pattern Xb will be described below.
[0040] Referring to FIG. 2(a), the virtual pattern Xa is
aregular hexagonal pattern thatis drawn in a virtual man-
ner on the transparent substrate 11. The vertexes of the
virtual pattern Xa are a first vertex P1a to a sixth vertex
P6a in a counterclockwise direction. The intersection
point disposed on the side connecting the first vertex P1a
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and the second vertex P2a is a first intersection point
Q1a, and the intersection points disposed on the respec-
tive sides of the virtual pattern Xa are a second intersec-
tion point Q2a to a sixth intersection point Q6a. The first
intersection point Q1a to the sixth intersection point Q6a
are disposed on the respective sides of the virtual pattern
Xa such that the distances between P1a and Q1a, be-
tween P1a and Q6a, between P2a and Q2a, between
P4a and Q3a, between P4a and Q4a, and between P6a
and Q5a are equal. Virtual arrows d1a to d6a are respec-
tively drawn below vertexes of the first vertex P1a to the
sixth vertex P6a. For the directions indicated by the virtual
arrows d1a to d6a, when P1a is on the upper side and
P4a is on the lower side as a line connecting P1a and
P4a defined as the axis, d1a indicates the right direction,
d2a indicates the right obliquely upward direction, d3a
indicates the right obliquely downward direction, d4a in-
dicates the right direction, d5a indicates the left obliquely
downward direction, and d6a indicates the left obliquely
upward direction. Note that, when the virtual pattern Xa
is rotated clockwise by 60°, P2a is arranged at the posi-
tion of P1a in FIG. 2(a). In the Xa rotated by 60°, when
P2a is on the upper side and P5a is on the lower side as
aline connecting P2a and P5a is defined as the axis, d2a
indicates the right direction, d3a indicates the left oblique-
ly downward direction, d4a indicates the right obliquely
downward direction, d5a indicates the left direction, d6a
indicates the right obliquely upward direction, and d1a
indicates the right obliquely downward direction.

[0041] A hexagon Sa and connecting lines L1a to L6a
are formed by the thin metal wires 12 in the virtual pattern
Xa. The vertexes of the hexagon Sa and the first inter-
section point Q1a to the sixth intersection point Q6a are
respectively connected by the connecting lines L1a to
L6a. The hexagon Sa is disposed near the center of the
virtual pattern Xa, and the connecting lines L1a to L6a
radially extend from vertexes of the hexagon Sa to re-
spective intersection points on sides of the virtual pattern
Xa. Each of the connecting lines L1a to L6a connects the
vertex of the hexagon Sa and either one of the intersec-
tion points Q1a to Q6a whose distance from the vertex
is shortest.

[0042] Referring to FIG. 2(b), the inverted virtual pat-
tern Xb is obtained by flipping the virtual pattern Xa hor-
izontally. The vertexes of the inverted virtual pattern Xb
are a first vertex P1b to a sixth vertex P6b in a clockwise
direction. The intersection point disposed on the side
connecting the first vertex P1b and the second vertex
P2b is a first intersection point Q1b, and the intersection
points disposed on the respective sides of the inverted
virtual pattern Xb are a second intersection point Q2b to
a sixth intersection point Q6b. The first intersection point
Q1b to the sixth intersection point Q6b are disposed on
the respective sides of the inverted virtual pattern Xb such
that the distances between P1b and Q1b, between P1b
and Q6b, between P2b and Q2b, between P4b and Q3b,
between P4b and Q4b, and between P6b and Q5b are
equal. Virtual arrows d1b to d6b are respectively drawn
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below the vertexes of the first vertex P1b to the sixth
vertex P6b. For the directions indicated by the virtual ar-
rows d1b to déb, when P1b is on the upper side and P4b
is on the lower side as a line connecting P1b and P4b
defined as the axis, d1b indicates the left direction, d2b
indicates the left obliquely upward direction, d3b indi-
cates the left obliquely downward direction, d4b indicates
the left direction, d5b indicates the right obliquely down-
ward direction, and d6b indicates the right obliquely up-
ward direction.

[0043] The virtual pattern Xa and the inverted virtual
pattern Xb are densely laid such thata number of opening
regions formed by the plurality of thin metal wires 12 are
aperiodically arranged. In other words, the virtual pattern
Xa and the inverted virtual pattern Xb are densely laid
such that the opening regions having the same shape
are not periodically arranged.

[0044] A method for densely laying the virtual patterns
such that a number of opening regions are aperiodically
arranged will be described.

[0045] The virtual patterns rotated clockwise by 60°
are densely laidin combination. In other words, the virtual
patterns to be used are a total of twelve types of the Xa,
the Xa rotated by 60°, the Xa rotated by 120°, the Xa
rotated by 180°, the virtual pattern Xa rotated by 240°,
the Xa rotated by 300°, the Xb, the inverted Xb rotated
by 60°, the Xb rotated by 120°, the Xb rotated by 180°,
the Xb rotated by 240°, and the Xb rotated by 300°.
[0046] The above-mentioned twelve types of virtual
patterns and inverted virtual patterns are densely laid
without any gaps on the transparent substrate 11 in ac-
cordance with two rules.

[0047] First, the virtual patterns and the inverted virtual
patterns are densely laid such that any one of the inter-
section points of the virtual pattern or the inverted virtual
pattern is overlapped with any one of the intersection
points of adjacent virtual pattern or the inverted virtual
pattern. Thus, the connecting line of the virtual pattern
or the inverted virtual pattern is always connected to the
connecting line of adjacent virtual pattern or the inverted
virtual pattern. As a result, a number of the opening re-
gions R by the plurality of thin metal wires are arranged.
The opening region R is a polygonal shape formed in the
virtual pattern or the inverted virtual pattern, or a region
surrounded by the connecting lines and the sides of the
polygonal shape.

[0048] Second, the virtual patterns and the inverted
virtual patterns are densely laid such that the virtual ar-
rows drawn below the opposed vertexes of the two virtual
patterns or the two inverted virtual patterns located op-
posed via one side of the virtual patterns or the inverted
virtual patterns face in the same direction. Thus, a
number of the opening regions formed by the thin metal
wires 12 can be aperiodically arranged.

[0049] Referring to FIG. 3, an example of the method
for densely laying the virtual patterns will be described.
[0050] A virtual pattern X1 is the virtual pattern Xa in
FIG. 2(a), a virtual pattern X2 is obtained by rotating the
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inverted virtual pattern Xb in FIG. 2(b) clockwise by 240°,
and a virtual pattern X3 is obtained by rotating the Xa
clockwise by 240°. The X1 and X2 are located adjacent
such that the side P3a-P4a of the X1 and the side P3b-
P4b of the X2 are overlapped. In other words, the X1 and
X2 share the side P3a-P4a of the X1 (or the side P3b-
P4b of the X2). The X2 and X3 are located adjacent such
that the side P5b-P6b of the X2 and the side P5a-P6a of
the X3 are overlapped. In other words, the x2 and X3
share the side P5b-P6b of the X2 (or the side P5a-P6a
of the X3). The X1 and X3 are located opposed to each
other via the side P4b-P5b of the X2. The X1 and X3 are
disposed such thatthe vertex P4a of the X1 and the vertex
P5a of the X3 are located opposed to each other.
[0051] First, since the side P3a-P4a of the X1 and the
side P3b-P4b of the X2 are located adjacent to each other
in an overlapping manner, the intersection point Q3a of
the X1 and the intersection point Q3b of the X2 are over-
lapped with each other. Thus, a connecting line L3a of
the X1 and a connecting line L3b of the X2 are connected.
Additionally, since the side P5b-P6b of the X2 and the
side P5a-P6a of the X3 are located adjacent to each other
in an overlapping manner, the intersection point Q5b of
the X2 and the intersection point Q5a of the X3 are over-
lapped with each other. Thus, a connecting line L5b of
the X2 and a connecting line L5a of the X3 are connected.
By connecting the connecting lines as just described, a
number of the opening regions by the thin metal wires
can be formed, and the thin metal wires 12 are formed
in a mesh shape.

[0052] Second, the X1 and X3 are located opposed to
each other via the side P4b-P5b of the X2, and are ar-
ranged such that the fourth vertex P4a of the X1 and the
fifth vertex P5a of the X2 are located opposed to each
other. When P1a is on the upper side and P4a is on the
lower side as the line connecting P1a, and P4a of the X1
is defined as the axis, the directions indicated by the vir-
tual arrow d4a of the fourth vertex P4a of the X1 and the
virtual arrow d5a of the fifth vertex P5a of the X3 are both
arrows that indicate the right direction. As just described,
anumber of the opening regions formed by the thin metal
wires are aperiodically arranged.

[0053] A length A of one side of the virtual pattern Xa
is 150 pm to 3000 wm, and is preferably 500 pm to 2000
pm. When the length is 150 wm or more, the thin metal
wires 12 can be prevented from being densely formed
on the transparent substrate. When the length is 3000
pm or less, the number of thin metal wires 12 is reduced,
and the resistance value can be prevented from increas-
ing.

[0054] A length B of one side of the hexagon Sa is
preferably from A/4 pum to 3A/4 pm. When the length B
is in such a range, the hexagon Sa can be prevented
from having the area extremely different from that of the
graphic formed by the connecting lines and the sides of
the hexagon, and a location where the thin metal wires
are sparsely disposed and a location where the thin metal
wires are closely disposed can be prevented from being
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formed. Each inner angle 6a of the hexagon Sa is pref-
erably 90° or greater. When the inner angle 6a is 90° or
greater, the thin metal wires are controlled to have the
equal width near intersection points of the thin metal
wires, and the increase of the width of the thin metal wires
near the vertex of the hexagon Sa can be prevented from
causing glare.

[0055] A length C of each of the connecting lines L1a
to L6a is preferably A/4 um to A/2 pm. When the length
C is in such a range, the hexagon Sa can be prevented
from having the area extremely different from that of the
graphic formed by the connecting lines and the sides of
the hexagon Sa, and alocation where the thin metal wires
are sparsely disposed and a location where the thin metal
wires are closely disposed can be prevented from being
formed.

[0056] The conductive sheet 10 can be manufactured
by a method in which a metal film including a blackened
layer is formed on the transparent substrate 11 by sput-
tering or transferring metal foil to be patterned by etching,
or a method in which conductive ink is pattern-printed on
the transparent substrate 11.

[0057] Asdescribed above, inthe conductive sheet 10
according to the first embodiment, the hexagon Sa and
the connecting lines L1a to L6a are formed by the thin
metal wires 12 in the virtual pattern Xa, and the vertexes
of the hexagon Sa and the first intersection point Q1a to
the sixth intersection point Q6a are respectively connect-
ed by the connecting lines L1a to L6a. Densely laying
the virtual patterns Xa or the inverted virtual patterns Xb
on the transparent substrate 11 while rotating the virtual
patterns Xa or the inverted virtual patterns Xb such that
the intersection points disposed on the respective sides
of adjacent virtual patterns Xa or the inverted virtual pat-
tern Xb are overlapped with each other and that the open-
ing regions R formed by the plurality of thin metal wires
12 are aperiodically arranged can form the plurality of
opening regions R aperiodically arranged by the plurality
of thin metal wires 12 and form the plurality of thin metal
wires 12 in an irregular mesh shape on the transparent
substrate 11.

[0058] Additionally, by setting the length A of one side
of the virtual pattern Xa to be 150 pm to 3000 pm, the
thin metal wires 12 can be prevented from being densely
disposed, or the resistance value can be prevented from
being increased by a decreased number of thin metal
wires 12. The length B of one side of the hexagon Sa is
A/4 < B < 3A/4, and each of the connecting lines L1a to
L6a connects the vertex of the hexagon Sa and the in-
tersection point located at the shortest distance from the
vertex. Thus, the hexagon Sa is disposed near the center
of the virtual pattern Xa, and the connecting lines L1a to
L6a are disposed to radially extend from vertexes of the
hexagon Sa to respective sides of the virtual pattern Xa.
In such a configuration, when the virtual pattern Xa and
the inverted virtual pattern Xb are densely laid on the
transparent substrate 11, the thin metal wires 12 are dis-
posed in a non-sparse manner on the transparent sub-
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strate 11, and variations of the area of the opening region
R arereduced. As a result, alocation where the thin metal
wires are sparsely disposed and a location where the
thin metal wires are closely disposed can be prevented
from being formed, and deterioration in visibility due to
glare can be prevented. By setting each inner angle 6a
of the hexagon Sa to be 90° or more, the increase of the
width of the thin metal wires near the vertex of the hex-
agon Sa can be prevented from causing glare.

[0059] Next, a second embodiment of the present in-
vention will be described with reference to the drawings.

Second Embodiment

[0060] Referring to FIG. 4(a), a touch sensor 100 ac-
cording to the second embodiment of the present inven-
tion includes the transparent substrate 11, a plurality of
electrodes 20A formed on one surface of the transparent
substrate 11, connection portions 30A each formed on
an end portion of the plurality of electrodes 20A, terminal
portions 40A connected to external wiring lines, and rout-
ed wiring lines 50A each connecting the connection por-
tion 30A and the terminal portion 40A. Further, the touch
sensor 100 includes a plurality of electrodes 20B formed
on the other surface of the transparent substrate 11, con-
nection portions 30B each formed on an end portion of
the plurality of electrodes 20B, terminal portions 40B con-
nected to the external wiring lines, and routed wiring lines
50B each connecting the connection portion 30B and the
terminal portion 40B.

[0061] The transparent substrate 11 is sectioned into
an operation region V1 and a peripheral region V2. The
operation region V1 is a region of the touch sensor 100
in which an input operation by a user is performed, and
the peripheral region V2 is a region that is covered by a
frame-shaped decorative layer or the like of a cover base
material after assembly. The plurality of electrodes 20A
and dummy portions 21A are formed in the operation
region V1 on one surface of the transparent substrate,
and the connection portions 30A, the terminal portions
40A, and the routed wiring lines 50A are formed in the
peripheral region V2.

[0062] The plurality of electrodes 20A are formed in
the operation region V1. The plurality of electrodes 20A
have a band shape, and are arranged on the top surface
of the transparent substrate 11 to extend in the y-axis
direction and be located side by side in four rows in the
x-axis direction. The plurality of electrodes 20A is made
up of the plurality of thin metal wires described in the first
embodiment. The plurality of electrodes 20A form elec-
trodes of the touch sensor.

[0063] The size of the plurality of electrodes 20A is
determined by the size of the operation region V1 and
resolution and thus is not limited to particular sizes, and
when the length of one side of the virtual pattern Xa de-
scribed above is A and the width of the electrode 20A is
W, the relationship 3A < W is preferably satisfied.
[0064] The dummy portion 21A is formed in a region
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of the operation region V1 in which the plurality of elec-
trodes 20A are not formed. The electrodes 20A and the
dummy portions 21A are alternately arranged. Similarly
to the plurality of electrodes 20A, the dummy portions
21A are made up of the plurality of thin metal wires de-
scribed in the first embodiment. Referring to FIG. 4 (b),
when a region K including the boundary of the electrode
20A and the dummy portion 21A in FIG. 4A is enlarged,
the electrode 20A and the dummy portion 21A are dis-
connected by a disconnection portion 22A so as not to
be electrically connected. The disconnection portion 22A
is formed to section the operation region V1 and form the
band shape of the electrode 20A, and the electrode 20A
and the dummy portion are separated by the disconnec-
tion portion 22A. The thin metal wire 12 is not formed in
the disconnection portion 22A. The width of the discon-
nection portion 22A is preferably 1 to 10 um. When the
width of the disconnection portion 22A is in such a range,
the appearance of the boundary line between the elec-
trode and the dummy portion due to the presence or ab-
sence of the thin metal wire can be prevented.

[0065] The connection portion 30A serves to connect
the electrode 20A and the routed wiring line 50A. The
thin metal wires 12 forming the electrode 20A can be
collectively connected by the connection portion 30A to
the routed wiring line 40A. The connection portion 30A
has a rectangular shape and is formed at one end in the
longitudinal direction of the electrode 20A having a band
shape. The connection portions 30A are formed in the
peripheral region V2 to be partially overlapped with the
plurality of thin metal wires 12 forming the plurality of
electrodes 20A. The electrode 20A extends to the bound-
ary line of the operation region V1, and one side of the
rectangular shape of the connection portion 30A is over-
lapped with the boundary line between the operation re-
gion V1 and the peripheral region V2. The width of the
connection portion 30A is equal to the width of the elec-
trode 20A. Similarly to the thin metal wire 12, the con-
nection portion 30A is formed of a layered film of the first
blackened layer, the metal layer, and the second black-
ened layer that are layered in the mentioned order from
the transparent substrate 11 side.

[0066] The terminal portion 40A serves to connect the
touch sensor 100 to an external wiring line of a flexible
wiring substrate or the like, and is formed near an outer
edge on the transparent substrate 11. The routed wiring
line 50A serves to connect the electrode 20A and the
terminal portion 40A, and the routed wiring lines 50A are
connected to the terminal portions 40A to be bent in the
middle and gathered near the center. Similarly to the thin
metal wire 12, the terminal portion 40A and the routed
wiring line 50A are each formed of the first blackened
layer, the metal layer, and the second blackened layer
that are layered in the mentioned order from the trans-
parent substrate 11 side.

[0067] The plurality of electrodes 20B and dummy por-
tions 21B are formed in the operation region V1 on the
other surface of the transparent substrate, and the con-
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nection portions 30B and the terminal portions 40B are
formed in the peripheral region V2. The plurality of elec-
trodes 20B are disposed on the back surface of the trans-
parent substrate 11 to extend in the x-axis direction and
be located side by side in five rows in the y-axis direction.
The connection portion 30B is formed at one end in the
longitudinal direction of each of the plurality of electrodes
20B having a band shape.

[0068] The terminal portions 40A and 40B formed on
the top surface and back surface of the transparent sub-
strate 11 are connected to a flexible printed circuit board
(not illustrated). The flexible printed circuit board is con-
nected to a control unit that achieves capacitive touch
detection. The control unit detects a current flowing in
response to changes in electrostatic capacitance, which
occur in the plurality of electrodes 20A and 20B when
the finger of a user or a conducting body of a stylus or
the like is closely located or separated, and thus a touch
operation and a touch position by the user can be detect-
ed.

[0069] A method for manufacturing the touch sensor
100 will be described.

[0070] First, a first blackened film layer, a metal film
layer, and a second blackened film layer are formed in
the mentioned order on the both surfaces of the trans-
parent substrate 11 by sputtering or transferring metal
foil. Additionally, a resist layer is formed on the second
blackened film layer, and the resist layer is patterned by
exposure and developing with a pattern mask. Thereaf-
ter, by etching the first blackened film layer, the metal
film layer, and the second blackened film layer with the
patterned resist layer used as an etching mask, elec-
trodes formed of a plurality of thin metal wires, dummy
portions, disconnection portions, connection portions,
terminal portions, and routed wiring lines are simultane-
ously formed on the both surfaces of the transparent sub-
strate 11.

[0071] As described above, in the touch sensor 100
according to the second embodiment, the plurality of
electrodes 20A and 20B are formed of the plurality of thin
metal wires according to the first embodiment, and thus
the occurrence of glare due to a difference between a
location where the thin metal wires are sparsely disposed
and a location where the thin metal wires are closely dis-
posed or glare due to the increase of the width of the thin
metal wires near the intersection points at which the thin
metal wires intersect one another can be suppressed.
[0072] In addition, since the dummy portions are
formed in locations in the operation region V1 in which
the plurality of electrodes are not formed, the phenome-
non where the shape of the electrode pattern is observed
by an operator due to the presence or absence of elec-
trodes can be suppressed, and thus deterioration in vis-
ibility can be prevented. Since the dummy portions are
formed of the plurality of thin metal wires according to
the first embodiment in the same manner as the plurality
of electrodes, the occurrence of glare can be suppressed
in both the dummy portions and the plurality of electrodes.
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As a result, the visibility of the operation region V1 of the
touch sensor 100 can be improved. Also, in the method
for manufacturing the touch sensor 100 according to the
second embodiment, the plurality of electrodes, the dum-
my portions, the connection portions, the terminal por-
tions, and the routed wiring lines can be simultaneously
formed, and thus the manufacturing process can be pre-
vented from being complicated.

[0073] Note that in the embodiment described above,
the hexagon Sa is formed in the virtual pattern Xa, but
Sa may be an n-sided polygon (n > 5). When n = 5, that
is, Sais a pentagon, five connecting lines of the connect-
ing lines L1a to L6a connect the vertexes of the pentagon
Sa and the intersection points on the virtual pattern Xa,
and the remaining one connecting line connects the side
of the pentagon Sa and the remaining intersection point
on the virtual pattern Xa. The length C of each of the
connecting lines L1a to L6a is preferably in the range A/4
< C <A/2. When n > 7, that is, Sa is a polygon that is a
heptagon or more, the connecting lines L1a to L6a may
connect the vertexes of the polygon Sa and the intersec-
tion points on the virtual pattern Xa, which are located at
the shortest distance from the vertexes. Additionally, the
length C of each of the connecting lines L1a to L6a may
be in the range A/4 < C < A/2.

[0074] Inthe embodiment described above, the virtual
pattern Xa and the inverted virtual pattern Xb that are
rotated clockwise are used and densely laid; however,
the virtual pattern Xa and the inverted virtual pattern Xb
may be rotated counterclockwise and used.

[0075] Inthe embodiment described above, the open-
ing region is formed only by the polygon and the con-
necting lines that are formed in the virtual pattern Xa and
the inverted virtual pattern Xb, and thus the thin metal
wires 12 are formed in a mesh shape; however, the thin
metal wires 12 may be further added. In this case, the
thin metal wires 12 are disposed such that the added thin
metal wires 12 are not periodically arranged.

[0076] In the embodiment described above, the thin
metal wire 12 is formed of the first blackened layer, the
metal layer, and the second blackened layer that are lay-
ered in the mentioned order; however, the layered con-
figuration of the thin metal wire is not limited thereto. For
example, the thin metal wire may include only a metal
layer, may include a metal layer and a blackened layer
that are layered in this order from the transparent sub-
strate side, or may include a blackened layer formed to
cover the upper surface and side surfaces of a metal
layer formed on the transparent substrate. In addition,
the periphery of a metal layer may be completely covered
by a blackened layer. In such a configuration, glare when
the touch sensor is assembled can be further sup-
pressed.

[0077] Inthe embodiment described above, the plural-
ity of thin metal wires are formed on one surface of the
transparent substrate of the conductive sheet; however,
the thin metal wires may be formed on the both surfaces
of the transparent substrate. In this case, when black-
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ened layers are formed on at least the upper and lower
surfaces of a metal layer, visibility can be further im-
proved.

[0078] Inthe embodiment described above, the plural-
ity of electrodes 20A and 20B have a belt shape; how-
ever, the shape of the electrode is not limited thereto.
Another shape of the electrode can be, for example, a
shape in which rhombuses are continuously disposed or
a comb teeth shape. Also, the number of electrodes, the
position of the routed wiring lines, and the position of the
terminal portions are not particularly limited.

[0079] Inthe embodiment described above, the dum-
my portion is formed of the thin metal wires according to
the firstembodiment; however, the thin metal wire pattern
of the dummy portion is not limited thereto. The dummy
portion may be formed of a thin metal wire pattern that
can suppress the occurrence of glare.

[0080] In the embodiment described above, the elec-
trodes are formed on the both surfaces of the transparent
substrate 11 of the touch sensor 100; however, the con-
figuration of the touch sensor is not limited thereto. Two
transparent substrates each having electrodes formed
on one surface thereof may be attached such that the
other surfaces of the transparent substrates are located
opposed to each other or that the other surface of the
transparent substrate may be adhered in an overlapping
manner to the electrodes via an adhesive thereon.
[0081] In the embodiment described above, the con-
nection portion is formed at one end of the electrode;
however, the connection portions may be formed at both
ends in the longitudinal direction of the electrode. For
example, the connection portion 30B is formed at the left
end portion of the electrode 20B, and in the meantime,
the connection portion 30B may be further formed at the
right end portion of the electrode 20B. In this case, the
terminal portions 40B are also formed on the right side
of the terminal portions 40A, and the routed wiring lines
50B are connected to the respective terminal portions
40B. The position of the terminal portions and the ar-
rangement of the routed wiring lines are not limited to
particular positions.

[0082] Inthe embodiment described above, the plural-
ity of electrodes, the dummy portions, the connection por-
tions, the terminal portions, and the routed wiring lines
are simultaneously formed; however, the method for
manufacturing the touch sensor 100 is not limited thereto.
For example, the thin metal wires according to the first
embodiment are formed in the operationregion V1; there-
after, the disconnection portions are formed by cutting
the thin metal wires with a laser, and the plurality of elec-
trodes and the dummy portions may be formed. Further,
the plurality of electrodes and the dummy portions are
formed in the operation region V1; thereafter, the con-
nection portions, the terminal portions, and the routed
wiring lines may be formed in the peripheral region V2.
Furthermore, instead of simultaneously forming the por-
tions on the both surfaces of the transparent substrate
11, the portions may be separately formed on each one
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of the surfaces.

Reference Signs List

[0083]

Claims

1.

10 Conductive sheet

11 Transparent substrate

12 Thin metal wire

13 First blackened layer

14 Metal layer

15 Second blackened layer
20A, 20B Electrode

21A, 21B Dummy portion
22A, 22B Disconnection portion
30A, 30B Connection portion
40A, 40B Terminal portion
50A, 50B Routed wiring line
100 Touch sensor
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A conductive sheet (10), comprising:

a transparent substrate (11); and

a plurality of thin metal wires (12) formed in a
mesh shape on one surface of the transparent
substrate (11), wherein

the plurality of thin metal wires (12) includes an
n-sided polygon (n > 5) (Sa) formed inside a vir-
tual pattern (Xa) and an inverted virtual pattern
(Xb) having a regular hexagon and virtually and
densely laid on the transparent substrate (11)
and six connecting lines (L1a-L6a) connecting
the n-sided polygon (Sa) and first to sixth inter-
section points (Q1a-Q6a) disposed on respec-
tive sides of the virtual pattern (Xa) and the in-
verted virtual pattern (Xb),

the virtual pattern (Xa) has vertexes as first to
sixth vertexes (P1a-P6a) in a counterclockwise
direction, an intersection point disposed on a
side connecting the first vertex (P1a) and the
second vertex (P6a) is the first intersection point
(Q1a), intersection points disposed on the re-
spective sides of the virtual pattern (Xa) are the
second to sixth intersection points (Q2a-Q6a) in
the counterclockwise direction, and the first to
sixth intersection points (Q1a-Q6a) are dis-
posed such that distances from the first vertex
(P1a) to the first intersection point (Q1a), from
the first vertex (P1a) to the sixth intersection
point (Q6a), from the second vertex (P2a) to the
second intersection point (Q2a), from the fourth
vertex (P4a) to the third intersection point (Q3a),
from the fourth vertex (P4a) to the fourth inter-
section point (Q4a), and from the sixth vertex
(P6a) to the fifth intersection point (Q5a) are
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equal,

the inverted virtual pattern (Xb) obtained by flip-
ping the virtual pattern (Xa) horizontally has ver-
texes as first to sixth vertexes (P1b-P6b) in a
clockwise direction,

an intersection point disposed on a side con-
necting the firstvertex (P1b) and the second ver-
tex (P2b) is a first intersection point (Q1b), in-
tersection points (Q1b-Q6b) disposed on the re-
spective sides of the inverted virtual pattern (Xb)
are the second to sixth intersection points (Q2b-
Q6b) in the clockwise direction, and the first to
sixth intersection points (Q1a-Q6a, Q1b-Q6b)
are disposed such that distances from the first
vertex (P1a, P1b) to the first intersection point
(Q1a, Q1b), from the first vertex (P1a, P1b) to
the sixth intersection point (Q6a, Q6b), from the
second vertex (P2a, P2b) to the second inter-
section point (Q2a, Q2b), from the fourth vertex
(P4a, P4b) to the third intersection point (Q3a,
Q3b), from the fourth vertex (P4a, P4b) to the
fourth intersection point (Q4a, Q4b), and from
the sixth vertex (P6a, P6b) to the fifth intersec-
tion point (Q5a, Q5b) are equal,

the virtual pattern (Xa) and the inverted virtual
pattern (Xb) are densely laid such that the inter-
section points (Q1a-Q6a, Q1b-Q6b) of the ad-
jacentvirtual patterns (Xa) or the inverted virtual
pattern (Xb) are overlapped with each other and
that opening regions (R) formed by the plurality
of thin metal wires (12) are aperiodically ar-
ranged,

relationships

150 pm < A < 3000 pm

A/d <B < 3A/4,

and

90° <0

are established,

where A is a length of one side of the virtual
pattern (Xa), B is a length of one side of the n-
sided polygon (Sa), and 0 is an inner angle of
the n-sided polygon, and

(i) the n-sided polygon satisfies n = 5, five
connecting lines of the connecting lines
(L1a-L6a) each connect a vertex of the n-
sided polygon (Sa) and anintersection point
whose distance from the vertex is shortest,
one connecting line of the connecting lines
(L1a-L6a) connects a side of the n-sided
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polygon (Sa) and the intersection point, and
a relationship A/4 < C < A/2 is established,
where C is a length of the connecting line,
or

(i) the n-sided polygon satisfies n > 6, the
connecting lines (L1a-L6a) each connect
the vertex of the n-sided polygon (Sa) and
the intersection point whose distance from
the vertex is shortest.

The conductive sheet (10) according to claim 1,
wherein

the n-sided polygon (Sa) satisfies n > 6, and
arelationship A/4 <C <A/2is established, where
C is the length of each of the connecting lines
(L1a-L6a).

The conductive sheet (10) according to claim 1,
wherein the plurality of thin metal wires (12) includes
a first blackened layer (13), a metal layer (14), and
a second blackened layer (15) layered in this order
from a side of the transparent substrate (11).

The conductive sheet (10) according to claim 3,
wherein the plurality of thin metal wires (12) includes
a blackened layer formed on a side surface.

A touch sensor (100), comprising:

the conductive sheet (10) according to claim 1
including a plurality of electrodes (20A, 20B)
formed by the plurality of thin metal wires (12)
and connection portions (30A, 30B) each
formed at an end portion of the plurality of elec-
trodes (20A, 20B);

terminal portions (40A, 40B) connected to ex-
ternal wiring lines; and

routed wiring lines (50A, 50B) connecting the
connection portions (30A, 30B) and the terminal
portions (40A, 40B).

6. Thetouchsensor(100)accordingtoclaim5, wherein

the plurality of electrodes (20A, 20B) is formed
in an operation region (V1),

the routed wiring lines (50A, 50B) are formed in
aperipheral region (V2) other than the operation
region (V1), and

dummy portions (21A, 21B) not electrically con-
nected to the plurality of electrodes (20A, 20B)
are further provided in a region of the operation
region (V1) in which the plurality of electrodes
(20A, 20B) is not formed.

Thetouch sensor (100) according to claim 6, wherein

the plurality of electrodes (20A, 20B) has a band
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1"

8.

9.

shape, and

the plurality of electrodes (20A, 20B) and the
dummy portions (21A, 21B) are alternately dis-
posed.

The touch sensor (100) according to claim 7, wherein
the dummy portions (21A, 21B) are made up of the
plurality of thin metal wires (12).

A method for manufacturing a touch sensor (100),
the method comprising:

sequentially forming a first blackened film layer
(13), ametalfilm layer (14), and a second black-
ened film layer (15) on one surface of a trans-
parent substrate (11); and

simultaneously forming, by etching the first
blackened film layer (13), the metal film layer
(14), and the second blackened film layer (15),
a plurality of electrodes (20A, 20B) made up of
a plurality of thin metal wires (12), connection
portions (30A, 30B) each formed at an end por-
tion of the plurality of electrodes (20A, 20B), ter-
minal portions (40A, 40B) connected to external
wiring lines, and routed wiring lines (50A, 50B)
connecting the connection portions (30A, 30B)
and the terminal portions (40A, 40B),

the plurality of thin metal wires (12) including an
n-sided polygon (n > 5) (Sa) formed inside a vir-
tual pattern (Xa) and an inverted virtual pattern
(Xb) having a regular hexagon and virtually and
densely laid on the transparent substrate (11)
and six connecting lines (L1a-L6a) connecting
the n-sided polygon (Sa) and first to sixth inter-
section points (Q1a-Q6a) disposed on respec-
tive sides of the virtual pattern (Xa) and the in-
verted virtual pattern (Xb) and being formed
such that

the virtual pattern (Xa) has vertexes as first to
sixth vertexes (P1a-P6a) in a counterclockwise
direction, an intersection point disposed on a
side connecting the first vertex (P1a) and the
second vertex (P2a) is the first intersection point
(Q1a), intersection points disposed on the re-
spective sides of the virtual pattern (Xa) are the
second to sixth intersection points (Q2a-Q6a) in
the counterclockwise direction, and the first to
sixth intersection points (Q1a-Q6a) are dis-
posed such that distances from the first vertex
(P1a) to the first intersection point (Q1a) , from
the first vertex (P1a) to the sixth intersection
point (Q6a), from the second vertex (P2a) to the
second intersection point (Q2a), from the fourth
vertex (P4a) to the third intersection point (Q3a),
from the fourth vertex (P4a) to the fourth inter-
section point (Q4a), and from the sixth vertex
(P6a) to the fifth intersection point (Q5a) are
equal,
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the inverted virtual pattern (Xb) obtained by flip-
ping the virtual pattern (Xa) horizontally has ver-
texes as first to sixth vertexes (P1b-P6b) in a
clockwise direction,

an intersection point disposed on a side con-
necting thefirst vertex (P1b) and the second ver-
tex (P2b) is the first intersection point (Q1b), in-
tersection points disposed on the respective
sides of the inverted virtual pattern (Xb) are the
second to sixth intersection points (Q1b-Q6b) in
the clockwise direction, and the first to sixth in-
tersection points (Q1b-Q6b) are disposed such
that distances from the first vertex (P1b) to the
firstintersection point (Q1b), from the first vertex
(P1b) to the sixth intersection point (Q6b), from
the second vertex (P2b) to the second intersec-
tion point (Q2b), from the fourth vertex (P4b) to
the third intersection point (Q3b), from the fourth
vertex (P4b) to the fourth intersection point
(Q4b), and from the sixth vertex (P6b) to the fifth
intersection point (Q5b) are equal,

the virtual pattern (Xa) and the inverted virtual
pattern (Xb) are densely laid such that the inter-
section points (Q1a-Q6a, Q1b-Q6b) of the ad-
jacent virtual patterns (Xa) or the inverted virtual
pattern (Xb) are overlapped with each other and
that opening regions (R) formed by the plurality
of thin metal wires (12) are aperiodically ar-
ranged,

relationships

150 pm < A < 3000 pm

A/4 <B <3A/4,

and

90° <0

are established,

where A is a length of one side of the virtual
pattern (Xa), B is a length of one side of the n-
sided polygon (Sa), and 6 is an inner angle of
the n-sided polygon, and

(i) the n-sided polygon (Sa) satisfies n = 5,
five connecting lines of the connecting lines
(L1a-L6a) each connect a vertex of the n-
sided polygon (Sa) and an intersection point
whose distance from the vertex is shortest,
one connecting line of the connecting lines
(L1a-L6a) connects a side of the n-sided
polygon (Sa) and the intersection point, and
a relationship A/4 < C < A/2 is established,
where Cis alength of the connecting line, or
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(i) the n-sided polygon (Sa) satisfies n > 6,
the connecting lines (L1a-L6a) each con-
nect the vertex of the n-sided polygon and
the intersection point whose distance from
the vertex is shortest.

Patentanspriiche

1.

Leitfahige Folie (10), umfassend:

ein transparentes Substrat (11); und

eine Vielzahl von diinnen Metalldréhten (12), die
in Maschenform auf einer Oberflache des trans-
parenten Substrats (11) gebildet ist, wobei

die Vielzahl von diinnen Metalldréhten (12) ein
n-seitiges Polygon (n > 5) (Sa) beinhaltet, das
innerhalb eines virtuellen Musters (Xa) und ei-
nes invertierten virtuellen Musters (Xb) gebildet
ist, die ein regelmaRigen Sechseck aufweisen
und virtuellund dichtan dem transparenten Sub-
strat (11) angelegt sind, und wobei sechs Ver-
bindungslinien (L1a-L6a) das n-seitige Polygon
(Sa) und den ersten bis sechsten Schnittpunkt
(Q1a-Q6a) verbinden, die auf jeweiligen Seiten
des virtuellen Musters (Xa) und des invertierten
virtuellen Musters (Xb) angeordnet sind,

das virtuelle Muster (Xa) Scheitelpunkte als ers-
ten bis sechsten Scheitelpunkt (P1a-P6a) in ei-
ner Richtung gegenden Uhrzeigersinn aufweist,
ein Schnittpunkt, der auf einer Seite angeordnet
ist, die den ersten Scheitelpunkt (P1a) und den
zweiten Scheitelpunkt (P6a) verbindet, dererste
Schnittpunkt (Q1a) ist, Schnittpunkte, die auf
den jeweiligen Seiten des virtuellen Musters
(Xa) angeordnet sind, der zweite bis sechste
Schnittpunkt (Q2a-Q6a) in der Richtung gegen
den Uhrzeigersinn sind, und der erste bis sechs-
te Schnittpunkt (Q1a-Q6a) derart angeordnet
sind, dass Entfernungen von dem ersten Schei-
telpunkt (P1a) zu dem ersten Schnittpunkt
(Q1a), von dem ersten Scheitelpunkt (P1a) zu
dem sechsten Schnittpunkt (Q6a), von dem
zweiten Scheitelpunkt (P2a) zu dem zweiten
Schnittpunkt (Q2a), von dem vierten Scheitel-
punkt (P4a) zu dem dritten Schnittpunkt (Q3a),
von dem vierten Scheitelpunkt (P4a) zu dem
vierten Schnittpunkt (Q4a) und von dem sechs-
ten Scheitelpunkt (P6a) zu dem flinften Schnitt-
punkt (Q5a) gleich sind,

das invertierte virtuelle Muster (Xb), das durch
horizontales Spiegeln des virtuellen Musters
(Xa) erhalten wird, Scheitelpunkte als ersten bis
sechsten Scheitelpunkt (P1b-P6b)in einer Rich-
tung im Uhrzeigersinn aufweist,

ein Schnittpunkt, der auf einer Seite angeordnet
ist, die den ersten Scheitelpunkt (P1b) und den
zweiten Scheitelpunkt (P2b) verbindet, ein ers-
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ter Schnittpunkt (Q1b) ist, Schnittpunkte (Q1b-
Q6b), die auf den jeweiligen Seiten des inver-
tierten virtuellen Musters (Xb) angeordnet sind,
der zweite bis sechste Schnittpunkt (Q2b-Q6b)
in der Richtung im Uhrzeigersinn sind, und der
erste bis sechste Schnittpunkt (Q1a-Q6a, Q1b-
Q6b) derart angeordnet sind, dass Entfernun-
gen von dem ersten Scheitelpunkt (P1a, P1b)
zu dem ersten Schnittpunkt (Q1a, Q1b), von
dem ersten Scheitelpunkt (P1a, P1b) zu dem
sechsten Schnittpunkt (Q6a, Q6b), von dem
zweiten Scheitelpunkt (P2a, P2b) zu dem zwei-
ten Schnittpunkt (Q2a, Q2b), von dem vierten
Scheitelpunkt (P4a, P4b) zu dem dritten Schnitt-
punkt (Q3a, Q3b), von dem vierten Scheitel-
punkt (P4a, P4b) zu dem vierten Schnittpunkt
(Q4a, Q4b) und von dem sechsten Scheitel-
punkt (P6a, P6b) zu dem fiinften Schnittpunkt
(Q5a, Q5b) gleich sind,

das virtuelle Muster (Xa) und das invertierte vir-
tuelle Muster (Xb) derart dicht angelegt sind,
dass die Schnittpunkte (Q1a-Q6a, Q1b-Q6b)
der benachbarten virtuellen Muster (Xa) oder
des invertierten virtuellen Musters (Xb) einander
tiberlappen und dass Offnungsbereiche (R), die
durch die Vielzahl von dinnen Metalldrahten
(12) gebildet sind, aperiodisch angeordnet sind,
die folgenden Beziehungen hergestellt werden:

150 um < A< 3000 pm

A/4 <B <3A/4

und

90° <,

wobei A eine Lange einer Seite des virtuellen
Musters (Xa) ist, B eine Lange einer Seite des
n-seitigen Polygons (Sa) ist und 6 ein Innenwin-
kel des n-seitigen Polygons ist und

(i) das n-seitige Polygon n = 5 erfillt, finf
Verbindungslinien der Verbindungslinien
(L1a-L6a) jeweils einen Scheitelpunkt des
n-seitigen Polygons (Sa) und einen Schnitt-
punkt, dessen Entfernung von dem Schei-
telpunkt am kiirzesten ist, verbinden, eine
Verbindungslinie der Verbindungslinien
(L1a-L6a) eine Seite des n-seitigen Poly-
gons (Sa) und den Schnittpunkt verbindet,
und eine Beziehung A/4 < C < A/2 herge-
stellt wird, wobei C eine Lange der Verbin-
dungslinie ist,

oder
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7.

(ii) das n-seitige Polygon n > 6 erfillt, die
Verbindungslinien (L1a-L6a) jeweils den
Scheitelpunkt des n-seitigen Polygons (Sa)
und den Schnittpunkt, dessen Entfernung
von dem Scheitelpunkt am kirzesten ist,
verbinden.

Leitfahige Folie (10) nach Anspruch 1, wobei

das n-seitige Polygon (Sa) n > 6 erfillt und
eine Beziehung A/4 < C < A/2 hergestellt wird,
wobei C die Lange jeder der Verbindungslinien
(L1a-L6a) ist.

Leitfahige Folie (10) nach Anspruch 1, wobei die
Vielzahl von diinnen Metalldrahten (12) eine erste
geschwarzte Schicht (13), eine Metallschicht (14)
und eine zweite geschwarzte Schicht (15) beinhaltet,
die in dieser Reihenfolge von einer Seite des trans-
parenten Substrats (11) geschichtet sind.

Leitfahige Folie (10) nach Anspruch 3, wobei die
Vielzahl von diinnen Metalldrahten (12) eine auf ei-
ner Seitenflache gebildete geschwarzte Schicht be-
inhaltet.

Berthrungssensor (100), umfassend:

die leitfahige Folie (10) nach Anspruch 1, ein-
schlief3lich einer Vielzahl von Elektroden (20A,
20B), die durch die Vielzahl von diinnen Metall-
drahten (12) gebildet ist, und Verbindungsab-
schnitten (30A, 30B), die jeweils an einem En-
dabschnitt der Vielzahl von Elektroden (20A,
20B) gebildet sind;

Anschlussabschnitte (40A, 40B), die mit exter-
nen Verdrahtungsleitungen verbunden sind;
und

verlegte Verdrahtungsleitungen (50A, 50B),
welche die Verbindungsabschnitte (30A, 30B)
und die Anschlussabschnitte (40A, 40B) verbin-
den.

Beruhrungssensor (100) nach Anspruch 5, wobei

die Vielzahl von Elektroden (20A, 20B) in einem
Betriebsbereich (V1) gebildet ist,

die verlegten Verdrahtungsleitungen (50A, 50B)
in einem anderen peripheren Bereich (V2) als
dem Betriebsbereich (V1) gebildet sind und
Blindabschnitte (21A, 21B), die nicht elektrisch
mit der Vielzahl von Elektroden (20A, 20B) ver-
bunden sind, ferner in einem Bereich des Be-
triebsbereichs (V1) bereitgestellt sind, in dem
die Vielzahl von Elektroden (20A, 20B) nicht ge-
bildet ist.

Berthrungssensor (100) nach Anspruch 6, wobei
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die Vielzahl von Elektroden (20A, 20B) eine
Bandform aufweist und

die Vielzahl von Elektroden (20A, 20B) und die
Blindabschnitte (21A, 21B) abwechselnd ange-
ordnet sind.

Berlihrungssensor (100) nach Anspruch 7, wobeidie
Blindabschnitte (21A, 21B) aus der Vielzahl von diin-
nen Metalldrahten (12) bestehen.

Verfahren zur Herstellung eines Beriihrungssensors
(100), wobei das Verfahren Folgendes umfasst:

Bilden einer ersten geschwarzten Filmschicht
(13), einer Metallfilmschicht (14) und einer zwei-
ten geschwarzten Filmschicht (15) nacheinan-
der auf einer Oberflache eines transparenten
Substrats (11); und

Bilden einer Vielzahl von Elektroden (20A, 20B),
die aus Folgendem besteht, gleichzeitig durch
Atzen der ersten geschwarzten Filmschicht
(13), der Metallfilmschicht (14) und der zweiten
geschwarzten Filmschicht (15), einer Vielzahl
von dinnen Metalldrahten (12), Verbindungs-
abschnitten (30A, 30B), die jeweils an einem En-
dabschnitt der Vielzahl von Elektroden (20A,
20B) gebildet sind, Anschlussabschnitten (40A,
40B), die mit externen Verdrahtungsleitungen
verbunden sind, und verlegten Verdrahtungslei-
tungen (50A, 50B), welche die Verbindungsab-
schnitte (30A, 30B) und die Anschlussabschnit-
te (40A, 40B) verbinden,

wobei die Vielzahl von dinnen Metalldrahten
(12) ein n-seitiges Polygon (n > 5) (Sa) beinhal-
tet, das innerhalb eines virtuellen Musters (Xa)
und eines invertierten virtuellen Musters (Xb)
gebildetist, die ein regelmaRigen Sechseck auf-
weisen und virtuell und dicht an dem transpa-
renten Substrat (11) angelegt sind, und wobei
sechs Verbindungslinien (L1a-L6a) das n-seiti-
ge Polygon (Sa) und den ersten bis sechsten
Schnittpunkt (Q1a-Q6a) verbinden, die auf je-
weiligen Seiten des virtuellen Musters (Xa) und
des invertierten virtuellen Musters (Xb) ange-
ordnet sind und derart gebildet sind, dass

das virtuelle Muster (Xa) Scheitelpunkte als ers-
ten bis sechsten Scheitelpunkt (P1a-P6a) in ei-
ner Richtung gegenden Uhrzeigersinn aufweist,
ein Schnittpunkt, der auf einer Seite angeordnet
ist, die den ersten Scheitelpunkt (P1a) und den
zweiten Scheitelpunkt (P2a) verbindet, der erste
Schnittpunkt (Q1a) ist, Schnittpunkte, die auf
den jeweiligen Seiten des virtuellen Musters
(Xa) angeordnet sind, der zweite bis sechste
Schnittpunkt (Q2a-Q6a) in der Richtung gegen
den Uhrzeigersinn sind, und der erste bis sechs-
te Schnittpunkt (Q1a-Q6a) derart angeordnet
sind, dass Entfernungen von dem ersten Schei-
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telpunkt (P1a) zu dem ersten Schnittpunkt
(Q1a), von dem ersten Scheitelpunkt (P1a) zu
dem sechsten Schnittpunkt (Q6a), von dem
zweiten Scheitelpunkt (P2a) zu dem zweiten
Schnittpunkt (Q2a), von dem vierten Scheitel-
punkt (P4a) zu dem dritten Schnittpunkt (Q3a),
von dem vierten Scheitelpunkt (P4a) zu dem
vierten Schnittpunkt (Q4a) und von dem sechs-
ten Scheitelpunkt (P6a) zu dem flinften Schnitt-
punkt (Q5a) gleich sind,

das invertierte virtuelle Muster (Xb), das durch
horizontales Spiegeln des virtuellen Musters
(Xa) erhalten wird, Scheitelpunkte als ersten bis
sechsten Scheitelpunkt (P1b-P6b)in einer Rich-
tung im Uhrzeigersinn aufweist,

ein Schnittpunkt, der auf einer Seite angeordnet
ist, die den ersten Scheitelpunkt (P1b) und den
zweiten Scheitelpunkt (P2b) verbindet, dererste
Schnittpunkt (Q1b) ist, Schnittpunkte, die auf
den jeweiligen Seiten des invertierten virtuellen
Musters (Xb) angeordnet sind, der zweite bis
sechste Schnittpunkt (Q1b-Q6b) in der Richtung
im Uhrzeigersinn sind, und der erste bis sechste
Schnittpunkt (Q1b-Q6b) derart angeordnet sind,
dass Entfernungen von dem ersten Scheitel-
punkt (P1b) zu dem ersten Schnittpunkt (Q1b),
von dem ersten Scheitelpunkt (P1b) zu dem
sechsten Schnittpunkt (Q6b), von dem zweiten
Scheitelpunkt (P2b) zu dem zweiten Schnitt-
punkt (Q2b), von dem vierten Scheitelpunkt
(P4b) zu dem dritten Schnittpunkt (Q3b), von
dem vierten Scheitelpunkt (P4b) zu dem vierten
Schnittpunkt (Q4b) und von dem sechsten
Scheitelpunkt (P6b) zu dem fiinften Schnitt-
punkt (Q5b) gleich sind,

das virtuelle Muster (Xa) und das invertierte vir-
tuelle Muster (Xb) derart dicht angelegt sind,
dass die Schnittpunkte (Q1a-Q6a, Q1b-Q6b)
der benachbarten virtuellen Muster (Xa) oder
desinvertierten virtuellen Musters (Xb) einander
iberlappen und dass Offnungsbereiche (R), die
durch die Vielzahl von dunnen Metalldrahten
(12) gebildet sind, aperiodisch angeordnet sind,
die folgenden Beziehungen hergestellt werden:

150 um < A< 3000 pm

A/4<B <3A/4
und
90° <9,

wobei A eine Lange einer Seite des virtuellen
Musters (Xa) ist, B eine Lange einer Seite des



27 EP 4 137 920 B1

n-seitigen Polygons (Sa) ist und 6 ein Innenwin-
kel des n-seitigen Polygons ist und

(i) das n-seitige Polygon (Sa) n = 5 erfilllt,
funf Verbindungslinien der Verbindungslini-
en (L1a-L6a) jeweils einen Scheitelpunkt
des n-seitigen Polygons (Sa) und einen
Schnittpunkt, dessen Entfernung von dem
Scheitelpunkt am kiirzesten ist, verbinden,
eine Verbindungslinie der Verbindungslini-
en (L1a-L6a) eine Seite des n-seitigen Po-
lygons (Sa) und den Schnittpunkt verbindet
und eine Beziehung A/4 < C < A/2 herge-
stellt wird, wobei C eine Lange der Verbin-
dungslinie ist, oder

(i) das n-seitige Polygon (Sa) n > 6 erfilllt,
die Verbindungslinien (L1a-L6a) jeweils
den Scheitelpunkt des n-seitigen Polygons
und den Schnittpunkt, dessen Entfernung
von dem Scheitelpunkt am kiirzesten ist,
verbinden.

Revendications

Feuille conductrice (10), comprenant :

un substrat transparent (11) ; et

une pluralité de fils métalliques minces (12) for-
més en forme de maillage sur une surface du
substrat transparent (11), dans laquelle

la pluralité de fils métalliques minces (12) com-
prennent un polygone a n cotés (n > 5) (Sa) for-
mé a l'intérieur d’'un motif virtuel (Xa) et un motif
virtuel inversé (Xb) comportant un hexagone ré-
gulier et posé virtuellement et densément sur le
substrat transparent (11) et six lignes de con-
nexion (L1a a L6a) reliant le polygone a n cotés
(Sa) et des premier a sixieme points d’intersec-
tion (Q1a a Q6a) disposés sur les cotés respec-
tifs du motif virtuel (Xa) et du motif virtuel inversé
(Xb),

le motif virtuel (Xa) comporte des sommets en
tant que premier a sixieme sommets (P1aaP6a)
dans le sensinverse des aiguilles d’'une montre,
un point d’intersection disposé sur un cété re-
liant le premier sommet (P1a) et le deuxiéme
sommet (P6a) estle premier point d’intersection
(Q1a), les points d’intersection disposés sur les
cotés respectifs du motif virtuel (Xa) sont les
deuxiéme a sixieme points d’intersection (Q2a
a Q6a) dans le sens inverse des aiguilles d’'une
montre, et les premier a sixieme points d’inter-
section (Q1a a Q6a) sont disposés de telle sorte
que les distances du premier sommet (P1a) au
premier point d’intersection (Q1a), du premier
sommet (P1a) au sixiéme point d’intersection
(Q6a), du deuxieme sommet (P2a) au deuxiéme
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point d’intersection (Q2a), du quatriéme som-
met (P4a) au troisieme point d’intersection
(Q3a), du quatrieme sommet (P4a) au quatrie-
me point d’intersection (Q4a), et du sixieme
sommet (P6a) au cinquiéme point d’intersection
(Q5a) soient égales,

le motifvirtuel inversé (Xb) obtenu en retournant
le motif virtuel (Xa) horizontalement comporte
des sommets en tant que premier a sixieme
sommets (P1b a P6b) dans le sens des aiguilles
d’'une montre,

un point d’intersection disposé sur un cété re-
liant le premier sommet (P1b) et le deuxiéme
sommet (P2b) est un premier point d’intersec-
tion (Q1b), des points d’intersection (Q1b a Q6b)
disposés sur les cotés respectifs du motif virtuel
inversé (Xb) sont les deuxiéme a sixiéme points
d’intersection (Q2b & Q6b) dans le sens des
aiguilles d’'une montre, et les premier a sixieme
points d’intersection (Q1a a Q6a, Q1b a Q6b)
sont disposés de telle sorte que les distances
entrele premiersommet(P1a,P1b)etle premier
point d’intersection (Q1a, Q1b), entre le premier
sommet (P1a, P1b) et le sixieme point d’inter-
section (Q6a, Q6b), entre le deuxieme sommet
(P2a, P2b) et le deuxiéme point d’intersection
(Q2a, Q2b), entre le quatrieme sommet (P4a,
P4b) et le troisieme point d’intersection (Q3a,
Q3b), entre le quatrieme sommet (P4a, P4b) et
le quatrieme point d’intersection (Q4a, Q4b), et
entre le sixieme sommet (P6a, P6b) et le cin-
quiéme point d’intersection (Q5a, Q5b) soient
égales,

le motif virtuel (Xa) et le motif virtuel inversé (Xb)
sont posés densément de telle sorte que les
points d’intersection (Q1a a Q6a, Q1b a Q6b)
des motifs virtuels adjacents (Xa) ou du motif
virtuel inversé (Xb) se chevauchent les uns aux
autres et en ce que les régions d’ouverture (R)
formées par la pluralité de fils métalliques min-
ces (12) soient agencées de maniere apériodi-

que,
les relations
150 pm < A<3000 um
A/4 <B <3A/4,
et
90°<6

sont établies,
ou A est une longueur d’un c6té du motif virtuel
(Xa), B est une longueur d’'un cété du polygone
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an coOtés (Sa) et 6 est un angle intérieur du po-
lygone a n cotés, et

(i) le polygone a n cbtés satisfait n = 5, cinq
lignes de connexion des lignes de con-
nexion (L1a a L6a) relient chacune un som-
met du polygone a n c6tés (Sa) et un point
d’intersection dont la distance par rapport
au sommet est la plus courte, une ligne de
connexion parmi les lignes de connexion
(L1a a L6a) relie un coété du polygone a n
cotés (Sa) et le point d’intersection, et une
relation A/4 < C < A/2 est établie, ou C est
une longueur de la ligne de connexion, ou
(i) le polygone a n cbtés satisfait n > 6, les
lignes de connexion (L1a a L6a)relient cha-
cune le sommet du polygone a n cbtés (Sa)
etle pointd’intersection dont la distance par
rapport au sommet est la plus courte.

Feuille conductrice (10) selon la revendication 1,
dans laquelle

le polygone a n cotés (Sa) satisfait n > 6, et
une relation A/4 < C < A/2 est établie, ou C est
lalongueur de chacune des lignes de connexion
(L1a a L6a).

Feuille conductrice (10) selon la revendication 1,
dans laquelle la pluralité de fils métalliques minces
(12) comprennent une premiére couche noircie (13),
une couche métallique (14) et une seconde couche
noircie (15) superposées dans cet ordre depuis un
cété du substrat transparent (11).

Feuille conductrice (10) selon la revendication 3,
dans laquelle la pluralité de fils métalliques minces
(12) comprennent une couche noircie formée sur
une surface latérale.

Capteur tactile (100), comprenant :

la feuille conductrice (10) selon la revendication
1, comprenant une pluralité d’électrodes (20A,
20B) formées par la pluralité de fils métalliques
minces (12) et des parties de connexion (30A,
30B) chacune formée au niveau d'une partie
d’extrémité de la pluralité d’électrodes (20A,
20B) ;

des parties de borne (40A, 40B) connectées a
des lignes de cablage externes ; et

des lignes de cablage cheminées (50A, 50B)
reliant les parties de connexion (30A, 30B) et
les parties de borne (40A, 40B).

Capteur tactile (100) selon la revendication 5, dans
lequel
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la pluralité d’électrodes (20A, 20B) sont formées
dans une région opérationnelle (V1),

les lignes de cablage cheminées (50A, 50B)
sont formées dans une région périphérique (V2)
autre que la région opérationnelle (V1), et

des parties factices (21A, 21B) non connectées
électriquement a la pluralité d’électrodes (20A,
20B) sont en outre prévues dans une région de
la région opérationnelle (V1) dans laquelle la
pluralité d’électrodes (20A, 20B) ne sont pas for-
mées.

Capteur tactile (100) selon la revendication 6, dans
lequel

la pluralité d’électrodes (20A, 20B) comportent
une forme de bande, et

la pluralité d’électrodes (20A, 20B) et les parties
factices (21A, 21B) sont disposées en alternan-
ce.

Capteur tactile (100) selon la revendication 7, dans
lequel les parties factices (21A, 21B) sont consti-
tuées de la pluralité de fils métalliques minces (12).

Procédé permettant la fabrication d’'un capteur tac-
tile (100), le procédé comprenant :

laformation séquentielle d’'une premiére couche
de film noircie (13), d’'une couche de film métal-
lique (14) et d’une seconde couche de film noir-
cie (15) sur une surface d’'un substrat transpa-
rent (11) ; et

la formation simultanée, par gravure de la pre-
miéere couche de film noircie (13), de la couche
de film métallique (14) et de la seconde couche
de film noircie (15), d’'une pluralité d’électrodes
(20A, 20B) constituées d’une pluralité de fils mé-
talliques minces (12), des parties de connexion
(30A, 30B) formées chacune au niveau d’'une
partie d’extrémité de la pluralité d’électrodes
(20A, 20B), des parties de borne (40A, 40B) con-
nectées a des lignes de cablage externes et des
lignes de cablage cheminées (50A, 50B) con-
nectant les parties de connexion (30A, 30B) et
les parties de borne (40A, 40B),

la pluralité de fils métalliques minces (12) com-
prenant un polygone a n cétés (n > 5) (Sa) formé
a lintérieur d’'un motif virtuel (Xa) et un motif
virtuel inversé (Xb) comportant un hexagone ré-
gulier et posé virtuellement et densément sur le
substrat transparent (11) et six lignes de con-
nexion (L1a a L6a) reliant le polygone a n cotés
(Sa) et des premier a sixieme points d’intersec-
tion (Q1a a Q6a) disposés sur les cotés respec-
tifs du motif virtuel (Xa) et du motif virtuel inversé
(Xb) et en ce que

le motif virtuel (Xa) comporte des sommets en
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tantque premier a sixieme sommets (P1aaP6a)
dans le sens inverse des aiguilles d’'une montre,
un point d’intersection disposé sur un cété re-
liant le premier sommet (P1a) et le deuxiéme
sommet (P2a) estle premier point d’intersection
(Q1a), les points d’intersection disposés sur les
cotés respectifs du motif virtuel (Xa) sont les
deuxiéme a sixieme points d’intersection (Q2a
a Q6a) dans le sens inverse des aiguilles d’'une
montre, et les premier a sixieme points d’inter-
section (Q1a a Q6a) sont disposés de telle sorte
que les distances entre le premier sommet (Pla)
et le premier point d’intersection (Q1a), entre le
premier sommet (P1a) et le sixieme point d’in-
tersection (Q6a), entre le deuxiéme sommet
(P2a) et le deuxiéme point d’intersection (Q2a),
entre le quatrieme sommet (P4a) et le troisieme
point d’intersection (Q3a), entre le quatrieme
sommet (P4a) et le quatrieme point d’intersec-
tion (Q4a), et entre le sixieme sommet (P6a) et
le cinquiéme point d’intersection (Q5a) soient
égales,

le motif virtuel inversé (Xb) obtenu en retournant
le motif virtuel (Xa) horizontalement comporte
des sommets en tant que premier a sixieme
sommets (P1b a P6b) dans le sens des aiguilles
d’'une montre,

un point d’intersection disposé sur un cété re-
liant le premier sommet (P1b) et le deuxiéme
sommet (P2b) estle premier point d’intersection
(Q1b), les points d’intersection disposés sur les
cotés respectifs du motif virtuel inversé (Xb) sont
les deuxiéme a sixieme points d’intersection
(Q1b a Q6b) dans le sens des aiguilles d’'une
montre, et les premier a sixieme points d’inter-
section (Q1b a Q6b) sont disposés de telle sorte
que les distances entre le premier sommet (P1b)
et le premier point d’intersection (Q1b), entre le
premier sommet (P1b) et le sixieme point d’in-
tersection (Q6b), entre le deuxiéme sommet
(P2b) et le deuxiéme point d’intersection (Q2b),
entre le quatrieme sommet (P4b) et le troisieme
point d’intersection (Q3b), entre le quatrieme
sommet (P4b) et le quatriéme point d’intersec-
tion (Q4b), et entre le sixieme sommet (P6b) et
le cinquiéme point d’intersection (Q5b) soient
égales,

le motif virtuel (Xa) et le motif virtuel inversé (Xb)
sont posés densément de telle sorte que les
points d’intersection (Q1a a Q6a, Q1b a Q6b)
des motifs virtuels adjacents (Xa) ou du motif
virtuel inversé (Xb) se chevauchent les uns aux
autres et en ce que les régions d’ouverture (R)
formées par la pluralité de fils métalliques min-
ces (12) soient agencées de maniere apériodi-
que,

les relations
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150 um < A <3000 pm

A/4 <B <3A/4,

et

90°<0

sont établies,

ou A est une longueur d’un c6té du motif virtuel
(Xa), B est une longueur d’'un cété du polygone
a n cotés (Sa) et 6 est un angle intérieur du po-
lygone a n cotés, et

(i) le polygone a n cbtés (Sa) satisfaitn = 5,
cinq lignes de connexion des lignes de con-
nexion (L1a a L6a) relient chacune un som-
met du polygone a n cétés (Sa) et un point
d’intersection dont la distance par rapport
au sommet est la plus courte, une ligne de
connexion des lignes de connexion (L1a a
L6a) relie un cété du polygone a n cotés
(Sa) etle point d’intersection, et une relation
A/4 < C < A/2 est établie, ou C est une lon-
gueur de la ligne de connexion, ou

(i) le polygone a n cbtés (Sa) satisfait n >
6, les lignes de connexion (L1a a L6a) re-
lient chacune le sommet du polygone a n
cotés et le point d’intersection dont la dis-
tance par rapport au sommet est la plus
courte.
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FIG. 4(a)
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